Introduction
Chlorodioxins can be formed in a two-step condensation reaction from ortho-substituted chlorophenoxy radicals or anions (1) (2) (3) . The first route is of significance only where strongly oxidizing conditions exist such as a reaction of chlorine with pentachlorophenol at elevated temperature. For the second route we have investigated the condensation of alkali metal salts of chlorinated phenols which occurs spontaneously when these metal salts are heated to temperatures above 300°C. Since this reaction is strongly exothermic, it proceeds to completion in a very narrow temperature range once initiated.
For bimolecular reactions involving ortho chlorines of both phenate molecules, dioxins would be formed according to the scheme shown in eq. (1) as one of the possible reaction pathways. If these phenates contain halogen substituents in meta or para positions, these also are involved in the condensation reactions and the product distribution depends on a variety of factors such as (1) the total number of halogen substituents which determines the ease of removal of halogen; (2) the arrangement of the molecules within a crystal if this reaction takes place in the solid state, which in turn is influenced by the metal cation involved; (3) *Eastern Research Laboratory, Dow Chemical USA, Wayland, Massachusetts 01778. steric effects which may facilitate the attack by the second molecule at a particular carbon or may prevent a nucleophilic attack at a particular site; (4) electronic effects which in this case allows halogen atoms in meta positions to be removed more readily than those in the other ring positions (4) . Experimental Thermal reactions were carried out in bulk as described below or in a differential thermal analysis cell using a DuPont 900 Differential Thermal Analyzer.
Residues and sublimates were analyzed by mass spectrometry on an A.E.I. MS-12 instrument coupled to a D.E.C-PDP-12 computer using a program called MASH (5) . Results
The results of our extensive studies are summarized in Table 1 , which contains all the pertinent information on this complicated reaction system and with this the answers to many questions regarding dioxin formation.
From electronic considerations Cl atoms marked with an asterisk (*) and located in meta positions are more likely to be removed than any of the others (4). The first two reactions occur in the solid state where the molecules-anions as well as alkali metal cations-are locked into positions which may have an important effect on the reaction ci O,Na Ci:
pathway. For sodium pentachlorophenate we notice a surprisingly high dioxin yield which must be attributed to such lattice effects or a steric effect which provides an opening for attack only in the vicinity of the oxygen atom and thus leads to the formation of dioxins. For the tetrachlorophenate, some of the steric hindrance is removed and we observed two isomers of hexachlorodioxins with a considerably lower overall yield. The condensation of sodium 2,4,5-trichlorophenate occurs immediately following the melting process. Molecular motion is no longer restrained and one would expect the most labile meta chlorine to be released preferentially. Indeed, only trace amounts of the tetrachlorodioxin could be observed (6) .
On the other hand, for the 2,4,6-isomer no meta chlorine is available; instead two ortho chlorines are in a favorable position for dioxin formation. Thus, the higher yields of the tetrachlorodioxin should not come as a surprise. For sodium 2,4-dichlorophenate, with only one ortho chlorine available, the dioxin yield drops to less than 38o. The final example shows only the second step of the condensation with a chlorinated phenoxy phenate. From the overall low yield of dioxins and the high percentage of higher molecular weight condensation product it is obvious that in the molten state with free mobility of the molecule and within the molecule the easily released meta chlorine plays an important part in the reaction.
Having established reaction conditions most likely to produce dioxins from chlorophenates we investigated conditions which might produce these dioxins from chlorophenoxy derivatives, primarily 2,4,-D, 2,4,5-T, and Silvex and their salts and esters. Let us remember that we will have to postulate the formation of the respective phenoxy anions before we can expect condensation to the dioxins. We should also remember that the reactions are exothermic and occur above 3000C and that for bimolecular reactions any dilution will necessarily result in lower yields. The negative results listed above demonstrate that either the phenoxide anions were not formed or that the temperatures obtainable in solutions were too low to affect condensation.
Environmental Health Perspectives In fact, his data do not support this conclusion. His reaction product gave the mass spectrum (6), reproduced here in Figure la . This is not the mass spectrum of tetrachlorodioxin. Authentic 2,3,7,8-tetrachlorodioxin, verified by single crystal x-ray analysis (7) shows the mass spectrum given in Figure lb The spectrum obtained by Buu Hoi may be explained by formation of polymeric materials according to eq. (2) which we have observed in our own studies. 
